When the physician and epidemiologist David J Barker proposed the 'foetal origins' hypothesis in the 1980s, namely that an important component of adult disease risk is determined by unfavourable conditions in utero, he changed forever our way of thinking of the womb as the perfect haven for the foetus. 1, 2 Foetal 'programming' occurs when there is disruption of the normal development in utero by an abnormal insult such as maternal malnutrition, diabetes, pre-eclampsia or hypoxia. This foetal adaptation to an abnormal intrauterine environment has been directly or indirectly associated with gene expression pathways resulting in permanent structural, physiological and metabolic changes. 3, 4 It is now widely recognised that environmental factors acting during foetal life, in infancy and in early childhood exert unfavourable effects on physical and neurobiological development and predispose to an increased risk of disease in adulthood. Low birth weight and impaired infant growth have been associated with increased long-term risk of ischaemic heart disease, hypertension, metabolic syndrome, type 2 diabetes and many other diseases, including some types of cancer. 5, 6 In addition, when cardiovascular risk factors are present from childhood, they usually persist into adulthood and predispose children to an increased risk of cardiovascular events in adult life. 7 Early stages in life are critical for the development of the heart. Intrauterine growth restriction is associated with significant changes in cardiac structure and function, elevated natriuretic peptides and vascular remodeling, 8 all of which can predispose to cardiovascular disease in adulthood. Moreover, physical growth in childhood affects cardiac structure and dimensions. 9 Additionally, vascular structural alterations predisposing to adverse cardiac remodelling start already in childhood. 10 In paediatric cardiomyopathies the growing heart is subject to complex interactions including genetic and environmental factors, and individual responses to myocardial injury. This contributes to differences in the phenotypic expression, disease course and prognosis seen in childhood compared with adult cardiomyopathy. 11, 12 Most of the studies have examined the effects of early life growth on the adult heart when these effects become more evident, and the majority of studies in children were performed using echocardiography. 13 Cardiac magnetic resonance imaging (CMR) offers a valuable tool for the accurate and reproducible assessment of cardiac volumes, mass and function independent of geometrical assumptions, without any limitations from body habitus and without using potentially harmful ionising radiation. 14 CMR is thus considered the examination of choice for long-term surveillance especially in children and young adults. 15 In this issue of the European Journal of Preventive Cardiology, Toemen et al. 16 examine the association of foetal and childhood growth patterns with cardiac volumes and left ventricular mass on CMR. The authors measured growth in 2827 children at 20 and 30 weeks of pregnancy, at birth and at 0.5, one, two, six and 10 years. Small or large size for gestational age was defined as being <10th or >90th sex specific percentile for weight. Preterm birth was defined as birth <37.0 weeks of gestation. Nearly half of children (48%) were boys, 60% were Dutch and 4.5% were born preterm. Cardiac parameters, which included left ventricular end-diastolic volume (LVEDV), right ventricular end-diastolic volume (RVEDV), left ventricular mass (LVM) and left ventricular mass-to-volume ratio (LMVR), were measured on CMR at the age of 10 years.
According to the findings of the study, both foetal and childhood growth, but not infant growth, were independently associated with childhood cardiac volumes and mass. More specifically, small size for gestational age at birth was associated with smaller RVEDV and LVEDV relative to current body surface area, but with larger LMVR. At the age of 10 years, children that were larger at birth and became taller and leaner in childhood were in the upper quartile of RVEDV, LVEDV and LVM, but had lower LMVR. On the contrary, children that were smaller at birth and became shorter and heavier in childhood belonged in the lower quartile of RVEDV, LVEDV and LVM, and had higher LVMR. No differences in foetal and infant growth patterns were observed for right ventricular ejection fraction and left ventricular ejection fraction. Interestingly, the average ejection fraction for both ventricles was low-normal (58%). There was no statistical interaction between growth measures and sex. The results of the study did not change after adjusting for childhood blood pressure and lean body mass percentage.
The authors should be congratulated for this welldesigned and well-conducted population-based prospective cohort study. The study adds weight to existing data that both foetal and childhood growth are important for cardiac development. The findings are in line with previous studies which showed that preterm birth and low weight in infancy are related to increased cardiac mass in adult life. 17 Additionally, the study by Toemen et al. validates the pattern of shorter ventricles with smaller volumes in children that are smaller at birth, as was previously demonstrated on CMR in adults born preterm. 18, 19 Some points though need further consideration. First, 72% of the children underwent CMR and of those 69% had good quality CMR, so good quality data were available for approximately 50% of the total population. CMR studies were performed on a 3 Tesla magnet, although this is unlikely to have affected the associations and hindered the generalisability of the results, as cardiac parameters are generally similar on both field strengths. 20 Moreover, although 40% of children were non-Dutch, we should be cautious when generalising the results to other populations. Furthermore, the authors do not provide information regarding levels of physical activity, which can influence cardiac dimensions and structure. 21 Finally, as the authors state, it is unclear how cardiac adaptations in utero and during childhood relate to subclinical cardiac dysfunction and adult cardiac disease. Although cardiac hypertrophy and remodelling have been associated with increased cardiovascular risk, 22 long-term studies are needed to explore the relationship between early life pathophysiologic cardiac changes and cardiovascular end-points. Longitudinal cardiac alterations assessed by CMR in different age groups will enhance our understanding of the developing heart in relation to the haemodynamic demands of a growing body. CMR can also detect altered myocardial energetics and metabolic changes in vivo using magnetic resonance spectroscopy and dynamic nuclear polarisation. 23 Further interrogation of cardiac energetics may help elucidate underlying causal mechanisms and guide individualised prevention of cardiovascular disease. In conclusion, the study by Toemen et al. underscores the need for a life-course model of health. Family can play an essential role in implementing a healthy lifestyle for the mother and the child, keeping in mind that we can actually shape our children's future hearts.
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